We report six persons mosaic for a chromosome anomaly. All were mentally retarded and dysmorphic. Unilateral or asymmetrical features were found in all cases, in one an unusual transverse terminal limb anomaly, and in the others various degrees of hemiatrophy of the left side of the body. Five of the subjects had skin pigmentary anomalies which were distributed in the lines of Blaschko. The abnormal cell lines found were ring chromosome 22, trisomy 22, a large acrocentric marker, a deletion of 18q, a deletion of 8q, and triploidy. In four cases the clinical diagnosis was only confirmed by skin biopsy. In one case low level mosaicism in blood was fortuitously detected because of cytogenetic fragile X screening and confirmed in a skin biopsy. The sixth case was of dynamic mosaicism of a non-mosaic deletion 18q with a chromosome 18 derived marker present in a proportion of cells. Chromosome mosaicisn may cause subtle and asymmetrical clinical features and can require repeated cytogenetic investigations. The diagnosis should be actively sought as it enables accurate genetic counselling to be given.
It is important for the physician to be aware of the spectrum of clinical features that chromosome mosaicism can cause. As the diagnosis usually requires multiple tissue sampling they must In chromosomal mosaicism the abnormal cell line(s) contains a cytogenetically detectable chromosomal anomaly and the other cell line usually has a normal chromosome constitution. The incidence of chromosomal mosaicism causing significant phenotypic effects is unknown, but is likely to be greater than 1 in 10 000. This estimate is extrapolated from the 0-1% to 0 3% incidence of chromosomal mosaicism at amniocentesis,'-3 and that the incidence of Down's mosaics is 1-5 per 10 000 (as 5% of cases are reported to be mosaics and a further 5% of cases are the result of a mitotic error4). It seems likely that chromosomal mosaicism is underdiagnosed.
Mosaics and chimeras are composed of two or more cell lines. In mosaics the cell lines originate from one zygote, but in chimeras more than one zygote is involved. For the purposes of this paper, however, we use the term mosaic rather more broadly to indicate a person with two demonstrably different cell lines but not necessarily to indicate their zygotic origin.
Case reports CASE 1 A 3 year old boy was referred because of developmental delay and a congenital malformation of the left hand, both of unknown aetiology. The parents were healthy, unrelated, Afro-Caribbeans who were normal on examination and had no scalp defects. The father was 22 years of age at the time of birth and the mother 18 years. They had no other children but the mother subsequently had a normal girl with a different partner.
The pregnancy was complicated by intermittent vaginal bleeding in the first and second trimester. The mother did not 49 cm, both much less than the 3rd centile. Her forehead was bossed, her ears were small, simple, and low set, her eyebrows had a lateral flair and were tented upwards, and the lower lateral eyelids were partially deficient (fig 2a) . The fourth and fifth 1 b metacarpals of both hands appeared short, the middle phalanges fusiform, and the fifth finger brachydactylic (fig 2b) . Over the scapula area of her right shoulder were linear hyperpigmented streaks running from her spine to her arm. Over her mid back was hyperpigmented "U" and "W" shaped patterning more or less symmetrically distributed about the midline. Her left leg and foot were smaller than her right by 4 splinting for the first six weeks of life to achieve normal positioning.
A scoliosis was noted at 18 months. Spinal x rays did not show any vertebral anomalies.
The scoliosis progressed and a thoracic fusion was performed at 10 years. At the age of 5 years transient hyperthyroidism developed which responded to carbimazole. At 6 years signs of precocious puberty began with enlargement of the right breast and were followed by growth of pubic hair and onset of menses at 9 years. Hormone studies were compatible with an early and sustained puberty. At (fig 3a) . There was marked scoliosis with consequent chest deformity. Bilateral short fourth fingers and clinodactyly of the fifth fingers were noted (fig 3b) . Hand measurements were right:left hand, 15:14cm, palm 9:8cm. Both fourth metatarsals appeared short. Apparent leg lengths were normal but the true leg lengths were right:left 82:79 cm. The foot lengths were right:left 21:19-5 cm. Areas of skin were hypopigmented: many small rain drop/mud splat spots over the anterior abdomen, linear streaks running down from the shoulders along the back of both arms (fig 3c) , a linear streak running down the back of the left leg and front of the lower left leg, and an area of radiating linear and crescent shaped streaks over the lower lumbar area (fig 3d) . A skeletal survey showed no abnormalities at 10 years. McCuneAlbright syndrome was considered but discounted because of the lack of bone lesions, atypical skin pigmentary findings, mental retardation, and dysmorphic features.
Histology of an area ofpale skin was reported as "no decrease in dermal thickness (so not dermal hypoplasia He was assessed at 1 year and was on the 3rd centile for height but the 50th centile for head circumference. He had total body asymmetry with the right side being larger than the left. He had apparent macrocephaly with a large anterior fontanelle, small triangular face with frontal bossing, hypertelorism, deep set but prominent eyes with the left being smaller than the right, a big nose with a bulbous tip, thin, downturned lips, micrognathia, and large anteverted ears with flat, unfolded pinnae. He had syndactyly of the left third and fourth fingers and second and third toes. His right testicle was undescended. He was severely developmentally delayed and was moderately hypotonic. A skeletal survey showed generalised osteoporosis and cotton reel shaped vertebrae with narrower anterior-posterior diameters with long pedicles, likened to flying buttresses.
At 3 years his anterior fontanelle was still open and the appearance of macrocephaly and body asymmetry were more marked. Grand mal epilepsy had developed as had flexion contractures of all large joints and a lumbar scoliosis. Scalp hair was sparse and his teeth were widely spaced with a number missing. Chromosome analysis of blood lymphocytes was normal on two separate analyses. A skeletal survey showed short left fourth and fifth toe phalanges and no left fibula. CT scan of the brain showed slightly increased CSF spaces around and within the brain but no structural anomalies. At 9 years a right thoracolumbar kyphosis scoliosis was treated by luque fusion from the sacrum to T4.
At 10 years the patient was reviewed. His height was still on the 3rd centile, weight on the 10th centile, and head circumference on the 50th centile. The asymmetry and dysmorphic features are shown in fig 5. The patient was severely mentally retarded having learnt to stand at the age of 4 but had never walked independently and had no expressive or receptive language. He died at 15 years of age from a chest infection.
Repeat showing a normal lymphocyte karyotype, 46, XX, on three separate occasions. The parents were healthy, unrelated, Asians, the mother being 38 and the father 39 years of age when their daughter was born. Oftheir three children, the first child was a male who died of respiratory distress syndrome at 35 weeks' gestation, the second is the index case, and the third is a healthy 17 year old female.
In the latter two months of the pregnancy there had been poor fetal growth of unknown cause. Spontaneous labour occurred at term and a female weighing 2000 g was born in good condition. She was noted to be mildly dysmorphic, with a murmur and a left club foot.
An asymptomatic ventricular septal defect closed spontaneously at 2 years. Left talipes equinovarus was successfully treated by tendon transfers at the age of 3 years. Severe left sided sensorineural deafness of unknown aetiology was detected at 4 years. By 5 years it was noted that her left leg was 1 cm shorter than her right. She had mild mental retardation, numerical calculations being particularly weak, and attended a normal school.
She was investigated at the age of 16 The finding of chromosome mosaicism has implications for the individual subject and family. The value of knowing a specific diagnosis in a child with intellectual disabilities and multiple malformations is obvious. A diagnosis not only clarifies the patient's management but definitely helps to alleviate the guilt so common to parents who wonder whether they have caused the birth defects by some omission or commission during the pregnancy. An exact prediction of phenotype is not possible as the proportion of the abnormal cell line in one tissue may give little guidance to its recurrence in other tissues, for instance the brain.52 For the families, given that the parents have normal cytogenetic analyses and that multiple different aneuploides were not found, recurrence risk is small.
